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ADSTRACT waler (Part B) are crilical, 1.¢.. arg capable of sustuining a

The major objective of this study has been w examiue the
possibility of a nuclear explosioa should 50 o 100 kg of
plutonium be mixed with Si0,, viwificd, placed within a
heavy seel coatdiner. and buried in the material kmown as
Nevada 1T, To accomplish this objective, we have created
a survey ol critical statcs or configwations of mixturcs of
plutongum, SiQ,, wtf, and water and examined these data
(o determine those conliguratioas that might be unstable or
awocatalytic. We have ldeatlfied reglons of criticality
instability with thc possibility of autocatalytic power
behavior. Autocatalvtic bcobavier Is possible but
improbable. for a very limited raage of wet systoms.

1 INTRODUCTION

The nuclear criticallty characteristics of miktures of
plutonium. siticon dloxide and watcr (lart A) or
plwonium. sithcon diokide, Novada Yucca Mountain (ufT,
and water (I'art 1), have becomc of imterest duc o the
sppearance of recont papers on the subject.'! These papers
postulale that if excess weapon-grade plutonium is vitrificd
inlo a silicate log and buned underground, a self sustaining
ncutrun chals reaction may develop piven sutficient tine
ard inleraction with twe busial medium. Morcover, given
specitic geologic actions resultiag in portulated
configurations, the referenced papers state that nuclcar
explonions could occur with kiloton vields' or yields
equivalent to hundeeds of tons of TN}

The abiectives of this paper are as follows:

1. To criablish tie parumeters (density, nuxderstion,
retlectn, puison ., and dilution with non.fissile moaterial)
that deterniine when the mixtures of Pu-249, $10);, und
water (Port Ay wad mixtuees of Pu-239, Nevadu tuif, and

continulng ncutron chain reaction without change of
fission power.

2. To examinc these data to find those configurations
that may be unstshlo or "sutocalalytic™ (the critical slutc in
which an increase (n (ission power leads W a further
increasc of neactivity and, heace, greater fission power), and

3. To establish the restrictions of constralats oa thieae
data that arc required by crtcallty phyzics, the amount ot
plutonlum postulated to be stored. and possible water
coatent In the Nevada wit.

Pact A of this puper will coucentrare on the pore Si0,
diluent, while in Part 1, criticality computatsons have been
completed uslag the actual clemental composition uf the
Ncvada Yuccs Mountain wilt.? Tuft contnins elerments that
are neutron polsuns, which place addinonal conwrains on
the pastulated syruations an Rets. |, 2, S,

The calculations prescmtéd n this paper assume
homogenous spherical distnbulions with purc 1'u-249 as
the hissile matecnial. Thus 18 a conservative assumption
because the critical massey tor pure {'w 219 are
substantially lower than those for U 235 and also lawer
than tor weapons-grade plutagiunt. ln sddetion any
sipniticant he crogencity ol the plutonum is eajrected 1o
redi.e the reacuvity of the systemn wpgmificantly tesver
enough lo preclude eriticality i s0me casos),

‘The computations in 1tus paper huve b n compleed
by use ul the ONEDANT aeutron trougport compurer
proxram,' that solves the vne dimcusional, wme
wndependent, multipreup discrete ondinnzg torm of the
Boltanan vanspunt cquasion,



1. NUCLEAR CRITICALITY-SIMPLE SYSTEMS

To introduce the discussion of nuclear criticality
panmcters for 3 thiee-componenl sysem, it is useful to
begin with illustrations of the criticality properties of a
simple sysicm thet i3 more famillar than
wintures of plutonium, Si0y or will, snd water. Thus, in
Hig. 1. tho critical mass of plutosiumn metal mixed with
water it illustruted as a fuaction of the deasily of
pluionium in the water.® The mirture is idcalized 1o be
only meial and water; actual solutlons of plutonium
compounds would differ but tittle. Both wafer-reflected
(20-cm thickness) and uareflected (bare) systoms are shown.
The geacral characteristics illustrated are similar for acarly
all dilucnts of fissile maserial: U-235. U-X33, Pu-2)9. The
initial effect of the dilucat {water in thix casc) is to reduce
the density of plutonium, thus allowing greater neutrog
leakage and requiring a larper mass of fissile material to
achicvo the critical state. A maximum caritical mass (about
9 kg for the reflected casze) can be acon at a plutoniut
density of 6 g/em? (kM) where de moderating property of
hydrogen starts to dominate the loss of neutrons duc o
leakage. As atill more dilucnt is added. the modorating
power of hydrogen causes the critical mass w0 decocase 0w
minimum veluo (about S00 grams at a plutosium depsity
of (.02 kgt for tho reflecied case) at which pont a balarce
is reachod between the moderating aand absorptive mopertics
of the dilucnt. With morc dilution, the shsorption cross.
section of hydrogen dominates, and the mass requirsd for
criticality «ncrcascs until finally an asymptots 15 raxched,
which establishca the limiting plutogium density for
dilution; bath the mass and volume arc unbounded. The
iwmiting valua of tho of the plutonium doasity is un
important yreperty that will he usctul in luter discussions,
tor plutooium- water icixtures. the asymptote is al about
0.007 kgl and, abviausty, both the burc and reflected casces
cnaverge w the same value. These data aro very well
crablished by expenment’ and the computational schieme
1t well estubliched by companny calculational results with
experimental results.

The presence of water has a sigmificant effect on the
cotical mags. 1t ia this sharp dependence of the Pu-239
cTitical ars on the moderator content (1n this instance. the
hydrogen contant) of the sytiem that imakes the snalyses of
crucallty phencenona 30 complex. A wide varlety of
resules are possible. For éxample, as scen in Fag. 1, the
ct;ucal iass of 1 plutonlum inctal sphere with u waler
reflecior i3 about 5.2 kg, while the criticul nass of a
plwonium solution vith the same watyr reflector 13 about
0.5 kg. Under more vnussal aud oatraordinasy
carcumsances (non-abrorbing dilueats and cryopenic
temperatures), che critical mass might be sipniricandy
lower
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Figare . Critical muss of plwenium meral as a function
of plutonium density when mixed with water,

This repeesentation is useful in undentanding the
influence of various parameters and in csublizhing
condltions of nuclews criticality stabili'y or possible
instability. For exumple, if a slightly supercritical
plutonivin-water tixiure should be created at a densiry just
a litde greater than the low-density asvmptote (choosc
about 10 kg und a density of about 0,008 ig/l) the solution
wunild heit and lvse water, thus decreasing the voluine and
increasing the plulonium deasity. Given only these two
c(lexts, the system would now be ai a very high reactivity
uwnd power woulkd increase, This comdition iy often refemmed
to as “unstable” or “autocatalytic.” However, uny decrease
of volume caused by waler ks would be balanced by
boiling and expausion, thus mdecing reactivity. The net
rexult iy Lodling. Just guimalning coucality. This would
uomiinue until the <ysiem is dry enough o be suhcritdenl.
This ilfustrates the coplerity of comg2ting ellecty which
may produce @ variety of cesuliv. Anotlier exnmple,
alifwigh not an unstable condiion, is thie regivain fig |
between densities 1O amd VOB kgl 1T waier, which s o
diloent, nuxberrion, nnd shsother, o sdded, 8 supcrerttical
kinte i< cremed However, this s ol matocrtalyue Hike the
At example; thermal exprusion, pesarbly with botling,
would redoce renctivity 1o seturn (e system o
auberitienlity; little chiange of compprsition wotld ocew

. PART A CRITICATITY DATA--£PLUTONIUM,
SUICON DIOXIDE, AND WATEY

A Nodlew criticalny-«sber talerinds

As wan mantivied aluove, the geneval i eyt of
Fig 1t vcan be veen when vbler kel te unedd an n
dileent Buamples e illusicaied o Big 2 in which the
critheal masses of plutoniuin dduted with, S€)  and cetlooned
by 100 ¢ S an) plutoatum dlsted with amd eellected
by 200 can of water e pousemted. The critical iass duta fim



U-235 dihuted with and reflected by graphite? are added for
conmparison.

The geacral characteristics of these data are
qualitatively similar, but the maximum and minimum
critical masses differ by large factors as do the low-density
msymplotes caused by water, graphite, and Si0);. The
impormnce of the asymptote is emphasized because it
existence it indepandent of the material but jta value (in
terms of the fisgile material donuity) is very dependent on
the material and ity dennity and helps to limit the
poasibitides of underground critical siates for the problem
Lelng lnvesupated The calculations describing U-235
dituted with graphitc arc included to illustrate the wide

range of criticality possibllltics,
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Figure 2. Critical masscs of Pu-H 0 mixtures reflecred by
water, Pu -850, mixtures reflecied by graphite.

No experimendal critical data are availablo to assuce the
correctacas of the calculations for the PMutonlum-SiQ);,
wysiem, except for the end polmt of uareliccted plutoalum
metal. There aro oo integral tests of the sillcon cross
scctivak. [n addition, for dry silicon amnd plutogium
mixtures. many flssions take pluce pilmarily in the
Intcrmediate cnergy range (belweon ncutron encrgics of 0.1
cv and 100 Lev), where no inlepra! tests for the plutonium
cross sectlons cxist. Thus, v these dry sysiciieg,
calculatbing sheuld be Jvalead with xiine cautlon However,
hecause of the whuadance of ather enperimontal critical data
for hoth fase and (hevmnl plutonlum sy stems,®
calculatons tor those thermal and faw Plutonium SiQ);
sysfams are expected to te rellable,

8. Critical data for Pu-Sif),-H,0

In Pig., N the 1eflected critical-muss data tor
Plutonium-H;O and Pluonium-Si0; wre reproduced trom
Fig. 2 uslong vith the additton of crivcsl data (o
Pluumium-$i(); in which woier has been mixed “a cyual
woouils 1n both the core and the 100 o thick reflevior,
The inudel for sdding water assuines (st (he volume of
water displaces un egqual volume of $10; and plutonivm,

For this model, the densities of the plutoniom and $10,
decrease with the addition of water. This is the three-
component material postulased in Refs. 1, 2, 3 thm we
wish (0 study in detail. As seen in Fig. 3, the top curve
describes dry Pu-Si0; mixtures refiecied by 100-cm-thick
dry Si0;. The bowon curve is plutomium mixed with aad
reflocted by a 20-cm thick layer of water, while the
intermediate curves are Pu-Si0O; cores mixed with
successively prater weight fractions of water and reflected
by 100-cm-thick SiO; with the tame weight fracuon of
water. The powerful moderating property of water is
cvident. The atom ratio of silicon to phrontum for cach of
the “wel” curves is indicated in 13g. 3 and this same ratio
Is held coastant as morc water is added. Thus, in this
model, plutonium density decreases stoadily as water is

Ortew Mast (g Po*

Pu o loamily gl
Figire 3. Critical data for mivirec of plutenianeg Si0),,
and water plotted as a function of phtonium densiry.

Fox rolutively low atora rutiox of silicon tw plutonium,
¢ 2. 183,752, 1570, the ininal addivon of water decrenses
the criticel mass wd critical volume very sharply, or, one
can say that this three-component syswem hus significanty
greaier reactivity, Poe cach silicoa to plutonium ratto,
however. o mindmum crstical mass is reached as \Wwarer is
added, comparablc 1t the minima secm in dhe two phase
miatures. For sull larper weight fracdions ot warer, the
hydrogen in the waler becomes a polson (a neutron
absorder) and a water (hydrogeni axympeote is seen: its
locatdon is a unique fanction of the plutonina density, the
a1t ratio of sillcon to plonium, und waer content As
exames, for Si/Pur752 the axymypiic plutoniam density
18 0.0045 kgl for SUTu2612, b in O.0028 Ly/l For veey
large SvPu rados, greater thun G0N, the mhbitin of wme
thythogen) acw invaniably ng poison, aud the cnneal s
{ncreases repurdiess of the mawont of water wirslueed



The data presented in Fig. 3 can be examined in
another way that is useful in usderstanding the constrainis
on the problem a2 hand. Figure 4 shows the critical macses
of plutonium waken from Fig. 3 as a {uncton of the weight
percent of warer; the dry critical mass from Fig. 1 is the
starting point on the left ordinatc and the water content
incromes to the right. The ¢ridcal mnass decreases with
additicnal water moderatioa (except for very high Si/Pu
atom rarios) until 8 mivimum is veached. With additional
water content, the critical masy incrcases until as
asymptotic valuc is achicved. For cach Si/Pu atom ratio,
the weight pciceat water at the low-plutonium-density
asymptote is readily seen or can be cstimated with
reasonable confidence. For example, for Si/l'u=2812 it is
11.2% and for 5513 It is 3.0%. Thus, for a fixed Si/Pu
ratio the water contcat must be less than the asvmptote of
criticality cannot occur.
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Figure 4. Critical mass of platonium as g function of the
welght percent of water for variows SUPu atom ratlos,

C. Connraini on the possible critical configurations

‘he set of necossary data for mixtures of plutonium, 5i0,),
and wates is complete, and copstralits can be upplied thal
Hinit de numbcer of cases that need 1o be cramised ia more
detail, One consralnt on the critlcal configuratsons 15 the
water-polsoning asympuse (Fig. 4) for each SLTu ralio.
For example, if the water coacentralion 1s niore than 3
wt'k, criticulity ls not posalble fur ratios v SU/1'u greater
than 5313, repandicss of baw wuch pluloniun 15 involved,
Thin constraint. hated on the water induced asymptote, ic
ilusrated in T, 5. tor & qiven Si/l'v ratio, the watt
conteat muyst e bessy than U uppermodt lino on the figure
foc criticbity to be achieved. l'or some ouxtures ot
plutonium, 5i€),, and water, a conthgutadon that ir found

just on or very near this line oa Fig. 5 can be unstable and
possibly could be “aurocatalytc.”

A sccond construind is found by further examination of
the functions in Fig. 4. Referring to Fig. 4, the dry critical
masg for r. SUPu ratio of 5513 is abour 84 kg. Tho
minimum of this function is about 70 kg a1 0.5 wi%k
water. At higher concentration of water, the critical mass
increases continuously up to the asymptoic corresponding
to about 3 wi%. Betwoecn 0.5 wth and 3 wr% water, an
unstablc or possibly autacatalytic rcegion oxists.
Autocatalysls Is impossible hetween 0.0 wi% and 0.5 wvi%
water; it is poasible oaly betwean 0.5 wt% and 3.0 wi'k,
The minlmum of each of SUI/I’u funcdons In g, 4 is
plotted oo Uig. 5 as the fower curve. The undable &
possibly autocatalytic reglon lics oaly between these (wo
curves on Fig. 5. The lower limit (unction represents the
waler content {or no Instabillty,
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Figure 3. Lunding values of warer content as a function of
Sv/Pu ratio,

The thivd constraing 1%, 0f counc, the avaiiable mas of
plutonium, which hax beea mken to be /5 k. It this
mencunl 5 isauimed 0 gove into 8 wet sttatum of SK);.
the SiMu mtio will slowly decrgase. The toflowing
e=amples are iastrictive. [ tw water content wefe, ¢,
0.5 wi'® (see lig. 4), cnucaliey 1 possibie for SifFu akon
ratios of 7350 or 6785, but the required muswes are (0K Ly
nud 20U kg, respectively; enly 15 hy see pvailulde 1 the
water conceitrstion wore 10wty 78 kp could be cvenl
at 3 5¢/1 ratio of 2813 Thoeceeding w luwer SilPuU ins
ul /> kg on Blp 4, this minsy could be eriteal (in 40w



water at Si/Pu=d376 and 10 wi% o SU/Pu=2B12. The locus
of these points ic ploited on Fig. § as the middle function.
The cegion of mnocatalysis is now restricted 1o the region
between the lowest and the middle {unction of Fig. 5

The final costraint to be discussed in this section is
the assumed amount of water in the Si0; surrounding the
Pu-5i0; mixmre. The only guidedines on water coatent of
the so0il or rock are the actual mcasurcments and aanlyses
by the gealogists. A reasonable upper limit is § wt%.
Both 5.0 wr% and 10.0 w1% water content will be
considered to be comgservative. These constraints are
llustrated by vertical lines on %1g. 5.

The full picture of all these constraials can be seen on
Fig. 5 as trianglos shaded on the scmi-log plot The
defining corners for 75 kg aud 5 wi® water arc e fodlowa;
SU/Pu=I), %11,0a0.5; SyPu=390, %H,0=5.0; and
S5UPu=240), %HH,0=5.0. If the lmiting amount of water
it 10.0 wi%, the definding points on ;7ig. § are
SWu=5400, %H;0=0.35; S/Tu=2800, %H,0=10.0; and
SUTu=1600, BH,0=10.0. Configurations outslde these
limits are of no interes for the reason jis developed.

IV. PART B- CRITICALITY DATA--MLUTONIUM,
NEVADA TUFF, AND) WATER

A. Niclear criticality—=Ney ada tuff

The wfT compusition used in these calculatioas s
takea from Rcf. 4. Thi:. compositioa differs from §i0, in
that SiQ, conteat is ooly 77% by weight with the
differcnce wade up primasily by oxides of aluminum,
passiunm, sodium, aad with a aumber of minor
constituents, some of which are ncution polsois.

In Fig. 6, tw calculated reflected critionl musses foc
slutonian mived with Nevada (uff are shown as & functlon
of plutoniuin Jeasity doag with e cuiwpmable critical
miasses {or plutoninm mixed with pure SiU, The mode!
ured for mixing plutonum and WIT asswncs that the
volume vucupied by (ae plutcnivm disp aces a comparabic
vohinw of tuff. Signiflcast Jiffcacnces can e nodiced
wnmodialely. For instance. the low=denslly asympote is

Increared from 0.001 10 0.003 ky/l. Thus. the nunber of

hlghly dilulcd cases requirlog consideratlon ie furthe
ievtslcied. In nddltion. the modorating/ahsu bing cffects tht
decrcase the critdeal mass from 95.7 by al a plutoniim
Jdeaslty of O 184 kp/l 10 351 kg ot a plutonium dencity of
O (WK kN very nearly disappear when the diluent has the
coinposition of the (alf. With il ax a diluent, the
maximum s6d minimum critical masses are 112,06 kg and
K9 O K. This increase s the sininiin critienl mass when
the Navada tutt is the diluent ehiminates the nged to

consider the "dry critical” problem that was postuisted in
Ref. 1; 75 kg of plutosivm would never becomo critical in
dry quif. Including Pu-240 or allowing for the decay of Pu-
239 t> U-235 would increase the critical masses even more.
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Figure 6. Reflected critical mass of  plulonium menal
mixed with wff or 510, vs plutorium densuy.

D. Criical dua tor Pu-twff 11,0

The criticat dota fur a Pu-Tuff-H ;O ure \Husirated ip tig. 7
as a function of the weighi percent of water. The increascd
cffect of the ncutrun absorbers 1n the twfl 15 clearly secen
whes comparing the minimwn critical wasser and low

density asymptotes presented in Fig. 7 w0 those in Fig. 4.
Notc that w compare these data with the dals wa Fig. 4, the
SVYfu ratioz for the tuff arc multiplicd by 1/0.77 aud
denoted by SUue.

C. Constraints on the possble criicnl contigurations

Reternag again to Mig. !, the mimimum of ¢ach
fuaction is the lowest water conceniration above which
istability or autocatalysis s possible. A tower water
cowentration cannot lead to instubitity. The lovus ot these
paints 15 plotted on Fig. # as the tower line. providing a
canstraint on the amount of water and Sutu® ratios w be
consudered.

‘The lmitation set by the mass loading of 75 kg can be
read fromn the functions for cachi of the Svi'u* atom rauos
on g, 7. The locus of these points is ploticd ou 11, § as
the middle line, comparnble to . § fon S10;

The tinal constraint is the amount of water that would
actuadly be tound in the tutt. This has been exumated w e
5 wiX: ¥ However, (wice this amaoant will be comsilered 1o
AYRUTE CONTET VRIS,

This, the comstrnntits (o8 e Pu-toll FEEY G b dheled
sintifarly o ibone fon a PusSiO 10 13 a 5 wi's wates



and 7% kg. the coordinates of the small triangle are:
SU/Py*=2700 and 0.4 wi%k; Si/Pu*=1850, 5 wi%; and
SifPu*=1450, 5 wi%. For 10 wi% water and 78 kg, the
coordipates arc: Si/Pu*=~2700, 0.4 w1%; SUTu*=1500,
10.0 wisk; aad Si/Pu*=1100, 1G.0 wi%. Configucations
that lic outside these boundaries are not of interost bacguse

aucocanalytic behavior is not poasible.
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Figure 7. Reflected critical mass of plutonium incial mixed
with wif and waler vs welght percenr water.
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Figure B Limiting values of wates votent ws d funclon of
SUPW rdbo Note that the SUPy rtio in waff is multiplicd
by IM. 77 and denoted s SV

V. REACTIVITY CALCULATIONS FOR Pu-TUFF-Hy0O

The previous section defined the possibilitics for
critical conditions, given ccriaiu constraints. This secrion
will examine the possibilities for supercritical
coatiguralions that might be cremted and developed ac a
recult of movemnent and mixing of plutogium, tuff, and
water. AL an exampie, it a critical state is achieved at a
water conceatrutioa of (0.0 wt%, plutonium maxs of 108
kg, and at a Si/Fu* of 1570, the resulting fission power
couid heat the volume and transport water out of the
volume. This would lead to a reduction in the water content
of the mizture and an incroasc in the reactivity ot the
systcm.

The cases of most interest are the data for a Si/fu®
atoin ratio of approximately 1500. Theso data acc Ulustrated
in Fig. 9. The masses of plutonlum and the initial water
arc as follows: Casc(1) 4047 kg and 11.2 wmt% water;
Canc(2) 108.3 kg and 10.0 wi%; Case(d) 63.8 &g and 9.0
wik water, Caso (4) 45.5 kg and 8.0 wit waler; Cage (5)
36.4 kg and 7.0 wWi% walor, These duta cluster in the upper
right hand corner of the permissible triangle on Fig. .
This “corner” (10 wi% watcr. 75 kg of plutomium, and
Si/Fu’ ratio of 1300) is the condition that will lcad o the
higheal kefl and the Lucpest Inteygral of keff w a fwwuoa of
weight percent of waler. The reactivily {unctioas of Lig. 9
arc almost precisely at the coect spot 1o examine the 1205t
scvere limiting case. Case (1) oo Yig. Y has too much
plutonium and water; Case (2) exceeds the mass (imat but
his the currect Umlting amount ol water. ‘The othet Nwee
are ull within pennissible constraints. The maxlmum Left
for 75 kp l= about 1.06 (by inicrpolation) when
approximately threc-fowrths of the waler is forced out af the
system (see big Y).
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Figure @ Reactivity (Reff) 15 weight peccent for
SUPuT 1570 (ff) and 401081 a1 06 455 amd
1042 kg of plutorium



The iMent of this yectivs has been to examine the
criticality aspects of the unsiable regions defined in the
pevious section for @ Pu-uff-HyO system. The postslated
cxplosion aspocts, discussed in Ref. 3, will be examined in
a companion paper 0a dynamics!® given the restrictions
and constraints developed in this study.

VI. SUMMARY AND CONCLUSIONS

This paper has cxamined the static criticality aspects of
mixtores of plulonium and Si0,: plutonium, SiO;, and
waler; plutonium and Nevada mff; and plutoniom. Nevada
tuff, and water.

A comscrvative approach was taken by assuming the
plutuniual was pure Pu-239, homogencously distributed
wilhin the nualerator/absorber material in a spherical form
Aay doviation from these criteria. e.p.. substitution of
wedpons-grade plutomium (about 3 wih 1'u-2490, 95 w1%
Pu-2319) for pure Pu-239 results in lower neutron
mulliplication factors and highor critical musses than those
calculated in thix work, Taclusion of clemenis fousd o the
Nevada wif alio lowers thc calculaled necutron
mulilplication factors, All reactivity calculutions have
included the assumption of unifanm. finc-graln mixlng of
all components throughout.

The geacrul cnaracteristics of fissile systoma diluted
with a muxlerator/absorber material were summesized. Mo
yualitative features of the plots of the critical masses of
such syslems versus (he tistilo denaity are gencrally
similar. All exhibit a maximum critical mass with small
wnounis of dilucat, followed by a silalmum caused by the
moderating eftect of the dilucat, and finally a low-density
unbounded critical mags asymptoic caused by the aculron
absorhing offect or ncutron capture ol the diluent.
Conilguralions rear the asymplote caa display instability
and possible autocalalytic hehavior. ‘The quantitative
featurcs, such at the values for the criucal awaascs, the
locations ol the maximum and mininwum crilical massex.
und the location of the axymptale depend on e tissile
malerial and the moderuior/abeorber materials present.

Several cases were examinod for the poleatial ol
autocatalytic behavior. We oblauned the totlowmg results:

a) ‘the system consisting of pure PPu-23% wath purc
510, w1 2 diluent exhibits the classic dependence of the
ontical mass on the fiaslc material densty, ‘Thus, a cntical
system ix possible, but very imprubablc; autocawlytic
behavior in judged to be poadble only if the assumptions
reparded as imposs'ble are accepted. When the Nevada ttt
t5 the diluent, nuclear criticality and autocatalylic behavior
aré not puisible for log loadings ol lesy than ayproximately

84 kg of Pu-239. If weapons-grade plwtonium (5 wi% Pu-
240) s considered, the requircments gre much morc
stringent.

b) For processes chat add water, criticality 1s possible
for both S10; and Nevada wff diluenes. However, no
autucatalytic behavior is expectad because the system has
sufficienr timo 1o respond o reactivity increases by ejection
of water, which reduces reactivity.

¢) For plutonium entering a wet stratum of SiO, or
Ncvada wiff, criticality and autocatalytic behavior s
poasible, but SUT'u ratios for which thie can occur are
constrained by the total amoumnt of plutoalum and by the
water coatent of tho suata. These coastralats limit the
insertion of reactivity whes water is removed from the
system. The behaviar of these wel systems will be studied
in a companion paper on dynamica.'?
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